Hygienic control of food contact surfaces is important for the prevention of cross-contamination and food poisoning due to V ibrio parahaemolyticus. This study focused on adhesion of V. parahaemolyticus cells to a stainless steel surface as an initial event of the cross-contamination. Stainless steel coupons were artificially contaminated by contact with a cell suspension and soaked in water for different periods of time to enumerate the viable cells remaining adherent on the surface. The adherent viable cells were greatly reduced in 1 min of water soaking, but further water soaking did not completely eliminate the viable cells from the surface. The small part of cells firmly attached to the stainless steel surface was not eliminated even by sonication. The viable cell count on the stainless steel surface after water soaking depended on the cell concentration of bacterial suspension but not on the length of contact time. The results would be useful for confirming the points to control the cross-contamination risk of V. parahaemolyticus.
Introduction
Vibrio parahaemolyticus is known as a significant causative of food-borne gastroenteritis. It occurs naturally in coastal marine waters and estuaries, and is normally isolated from various seafood materials, including fish, crustaceans, and shellfish [1] . In Japan, where people habitually enjoy a variety of raw seafood, many food poisoning cases related to V. parahaemolyticus are reported every year particularly in the summer season. V. parahaemolyticus is a common cause of food borne illness also in many other Asian countries including China and Taiwan [2] .
Even in regions of the world where V. parahaemolyticus was previously unrepor ted, its emergence has been observed [3] , probably reflecting world-wide increase in seafood popularity and globalization of seafood supply.
The management of potential risks of V. parahaemolyticus infection becomes more and more important.
Infection with V. parahaemolyticus occurs by consumption of not only raw or undercooked fishery products but also cooked foods that have been subjected to cross-contamination [4] . A previous Japanese survey reported that 40.9% of the cases reported in Japan during a 14-year period from 1985 to 1998 were attributed to cross-contamination via human hands, food contact surfaces, and others [5] . The hygienic control of food contact surfaces of the equipment is thus important for the prevention of V. parahaemolyticus food poisoning. However, literature information on the adhesion of V. parahaemolyticus to food contact surfaces is limited. Wong et al. [6] investigated its adhesion to stainless steel and glass plates. As they were interested in the biofilm formation, the adhesion experiments were conducted with a relatively long contact period (2 to 8 h). Such a long contact time seems unlikely in cross-contamination scenes of food processing. It is also known that planktonic V. parahaemolyticus cells can be readily inactivated in distilled water [7] .
Because water rinsing is commonly used for removing food residues from food contact surfaces, the effect of water rinsing on the survival of V. parahaemolyticus on various types of surface is also of great interest.
This study focused on the adhesion of V. parahaemolyticus to a stainless steel surface. Stainless steel is one of tact time and soaked in sterile water for different periods of time to enumerate the viable cells remaining adherent to the surface. We also studied the effect of suspending the bacterial cells in sterile water on their lethality for comparison. Sonication was also employed as a tool for mechanical power application to check its ability for eliminating the attached bacterial cells.
Materials and methods

Bacterial strain
An environmental strain of V. parahaemolyticus was isolated from mussels purchased from a local fisheries 
Stainless steel coupons
Stainless steel coupons (50 mm×50 mm, type 304, buff #400 surface finish) were purchased from Toste Co. Ltd.
(Osaka, Japan). They were washed with an alkaline detergent, rinsed with distilled water, and stored in 70% ethanol. Just before every experimental run, the coupons were dried under UV light inside a clean bench.
Water soaking of contaminated coupons
The strain was grown in alkaline peptone water (APW; Merck KGaA, Darmstadt, Germany) at 37℃ for 18 h with shaking at 120 rpm. An aliquot (0.1 ml) of the broth or its dilution was spread on a stainless steel coupon and left for 5 min. In some experiments, different lengths of contact time were allowed to study the effect of contact time on the bacterial adhesion. The surface thus contaminated was then rinsed with 5 ml of phosphate buffer supplemented with 3% NaCl (PB-3%NaCl) and drained by tilting the coupon. Then the coupon was soaked in 200 ml of sterile water. After a prescribed period of time, the coupon was taken out and the number of viable cell remaining on it was enumerated as described later.
Sonication of contaminated coupons
To study the effect of mechanical energy application on the bacterial removal, the contaminated coupons were treated with sonication. The stainless steel coupons were contaminated with the strain and rinsed with PB-3%NaCl as described above. Each coupon was soaked in 200 ml of sterile water and subjected to ultrasonic treatment (28, 45, or 100 kHz) with an ultrasonic cleaner VS-100 III (As One Corp., Osaka, Japan) for a prescribed period of time.
Then the coupon was taken out and the number of viable cell remaining on it was enumerated as described below.
Enumeration of viable cells on coupons
Similarly to preceding works on bacterial adhesion [8] [9] [10] , the attached bacterial cells were scraped off for enumeration. The stainless steel surface was scraped 100 times with a sterile disposable spreader to suspend the removed cells in 5 ml of PB-3%NaCl. After adequate dilution of the cell suspension obtained, the most probable number (MPN) technique [11] was used to estimate the number of viable cells. Three tubes of APW were used for each of serial dilutions and incubated at 37℃ for 24 h to determine whether the growth was positive or not in each tube. For each tube showing growth, subculturing was conducted on TCBS agar at 37℃ for 24 h to confirm the growth of V. parahaemolyticus as green colonies.
Effect of water as a suspending medium on viability
The strain was cultured in APW at 37℃ for 18 h with shaking at 120 rpm. An aliquot (1 ml) of the culture broth was centrifuged (3,500 ×g for 15 min) to collect the bacterial cells. Sterile water or PB-3%NaCl was added to the cells for re-suspending them. After being left for 0.5 min, aliquot of the suspension was subjected to appropriate dilution with PB-3%NaCl and the following viable cell count on TSA-3%NaCl and TCBS agar plates.
Statistical analysis
All experiments were done in triplicate. Values of viable cell count or density were converted to log 10 values for statistical analysis by Student's t-test or analysis of variance (ANOVA) in GraphPad Prism 5.04 (GraphPad Software, CA, USA).
Results and discussion
First, we exposed V. parahaemolyticus cells to distilled water at two levels of initial cell concentration to study the lethal effect of water. Figure 1 compares the viable cell counts (log 10 CFU/ml) after 0.5-min suspending in water and in PB-3%NaCl at two levels of initial cell concentration: 10 9 CFU/ml (Fig. 1a) and 10 5 CFU/ml ( 
t-test).
These results confirmed the high vulnerability to water for the strain used in this study. As for the effect of count media, the viable cell count on the selective medium tended to be lower than that on the enriched medium at most by 1 log 10 , though the difference was not statistically significant (P＞0.05, t-test). Thus the reduction in viable cell count due to exposure to water was 2-3 log 10 . Fig. 3 confirm that the contamination level of seafood materials to be treated on the stainless steel surface is important to control the cross-contamination risk of V. parahaemolyticus. Figure 4 shows the effects of contact time on the viable cell count on the stainless steel surface after water soaking for 0.5 min (Fig. 4a) or 3 min (Fig. 4b) . For each water soaking time, the viable cell count on the stainless steel surface was not significantly changed in spite of different lengths of contact time from 1 to 15 min (P＞0.05, ANOVA).
To check the removability of attached bacterial cells, the effect of mechanical energy application by sonication on the remaining viable cell count was studied. Figure 5 compares the remaining viable cell counts after 3 min of water soaking with and without sonication at three differ- The results of this study on the remaining viable cell count after water soaking of the stainless steel surface will give useful information also for that purpose.
Conclusions
V. parahaemolyticus cells adherent to the stainless steel surface was shown to be apparently vulnerable to water soaking, though water soaking did not completely eliminate the viable cells from the stainless steel surface.
The small part of cells firmly attached to the stainless steel surface was not eliminated even by the application of ultrasound. It should be noted that the remaining adherent cells after water soaking still could pose health hazards to consumers of food prepared on the surface. 
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